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TABLES Wells used for water-quality analyses Surface-water sampling stationsWells with anionic water types that are not bicarbonate Percentage of each major anion and cation at the surfacewater stations, 1980-82 water years Surface-and ground-water samples quality objectives Wells that have mean concentrations quality objectives --------------Proposed key wells ---------------- Increased demand on the ground water for municipal and industrial water supply has caused a decline in water levels in the past resulting in a closed ground-water basin with no outflow. The result has been a gradual buildup of salts from natural surfacewater recharge and from land disposal of treated wastewater from several waste-treatment plants. Results of this study show that salt buildup in the ground water is the major problem with ground-water quality. Established waterquality objectives for dissolved solids were exceeded in 70 of 137 wells. Concentrations of dissolved nitrate in excess of basin objectives and health standards also were detected in several areas in the valley.
IV
Water quality in both surface and ground water is highly variable areally. Magnesium to calcium magnesium bicarbonate ground water was detected in areas where most of the high volume municipal wells are located. Large areas of sodium bicarbonate water occurred in the northern part of the valley. Surface water was mostly mixed cation, bicarbonate water with the exception of the two stations on Arroyo Las Positas, which had sodium chloride water.
INTRODUCTION
Water in the Livermore-Amador Valley is both a vital and scarce resource. The rapidly expanding urban population demands not only more water but means of treatment and disposal of wastewater. Water use in the Livermore-Amador Valley also has an impact on the water resources in the major ground-water basin near the end of Alameda Creek, the only stream draining the valley. Concerns for the quality and quantity of the limited water resources of this area have been the stimulus for scientific study, litigation, and formation of several private and governmental agencies since the early 1900's. This study is an outgrowth of recommendations and proposals from several of these previous studies, which indicated that a comprehensive monitoring network of both surface water and ground water was needed to document present conditions and to detect long-term trends in the valley's water resources.
Purpose
The primary purpose of this report is to describe water-quality conditions in surface and ground water in the Livermore-Amador Valley. The basis for this description is the data collected, as a result of the cooperative monitoring program between the U.S. Geological Survey and the Alameda County Flood Control and Water Conservation District, Zone 7, from 1975 Zone 7, from through 1982 . An additional objective of the report is to evaluate the current monitoring program and to determine the frequency of sampling and type of analyses that will provide the best monitoring for future waterquality protection.
Location and Description of Study Area
The study area includes Livermore and Amador Valleys and the southern part of San Ramon Valley.
This area is 30-40 miles southeast of San Francisco ( fig. 1) . The ground-water basin covers about 63 mi 2 . Pleasanton, Livermore, and Dublin are the major population centers.
Previous Studies
Several studies of water-quality and water-resources development in the Livermore Valley have been done since the ^1950's. A report by the California Department of Water Resources (1964) was the first large scale study of surfcice-and ground-water quality and hydrology in the area.
The California Department of Water Resources (1974) discussed ground-water hydrology and water quality with an emphasis on hydrologic subbasins and also presented a ground-water-flow model for part of the Livermore Valley.
One of the recommendations from that report was to install small-diameter, shallowand medium-depth wells specifically for the purpose of monitoring water quality from known aquifers.
That recommendation was the basis for the present monitoring program.
Two studies of ground and surface waterf in the Alameda Creek drainage basirl have been published by the U.S. Geological Survey. Lopp (1981) made an appraisal of surface-water quality in the Alameda Creek basin for the period October 1974-June 1979. Sylvester (1983) studied land application of wastewater and its effect on ground-water quality in the LivermoreAmacor Valley.
Sylvester's report deals with ground-water quality in the wastewater-application areas in much greater detail than is covered in this report.
That report also deals with time-trend variations in groundwater quality in the wastewaterapplication areas. maximum depth of these deposits is less than 100 feet in the eastern part of Livermore Valley and increases to about 400 feet in the area east of Pleasanton. The water-bearing alluvium in the valley is composed of sand, " gravel, and clay and is moderately to highly permeable.
Confining beds of silty clays are found at various depths throughout the valley, and are extensive enough in some areas to define totally separate aquifers. The valley areas are underlain and are bordered on the south by the Pleistocene and Pliocene Livermore Formation (Clark, 1930) , which consists of sand, gravel, and clay of moderate permeability. The Pliocene Tassajara Formation, bordering the valley to the north, is composed primarily of sandstone and claystone and is of low permeability. Both of these formations are from 4,000 to 5,000 feet thick, and although the formations are water bearing, wells completed in them are generally of low yield and produce moderately poor quality sodium bicarbonate water.
Nonwater-bearing formations composed mostly of marine sandstone, shale, siltstone, and conglomerate border the Amador and San Ramon Valleys on the west and the San Ramon Valley on the , east.
A more detailed discussion of the , geology of the study area is contained ' in publications by the California Department of Water Resources (1964 and 1974) , and more recently in a series of geologic maps by Dibblee (1980a Dibblee ( , 1980b Dibblee ( , and 1980c .
A generalized geologic map is presented by Sylvester (1983 
Water-Resources Development
Surface-water development in the Livermore-Amador Valley began in the late 1880's when small dams were constructed to divert water for irrigation.
In 1898, the Spring Valley Water Co.
constructed a group of wells in the Bernal well field west of Pleasanton.
These wells were originally artesian.
Water from these wells was discharged into Arroyo de la Laguna where it was carried to the Sunol filter galleries and then piped to San Francisco. This list of E wells was revised periodically when better monitoring wells were located.
In 1976, 27 S wells were drilled using the same construction techniques and casings as the Q wells. Twenty-two additional S wells were drilled in 1978, and 14 more in 1980, to complete the monitoring network.
The last 14 wells were drilled using the cable tool method and have 4-inch PVC casings.
During the course of the study, several wells were destroyed, replaced, or otherwise determined as unsuitable for sampling.
The use of existing wells as deep monitoring wells was a compromise because most existing wells are perforated at several depths or continuously perforated from near the water table to the bottom. This results in a monitoring well that draws water from several depths and possibly from two or more aquifers. The S and Q wells, on the other hand, were constructed such that the sample water is drawn from a confined depth range, resulting in a sample that is more representative of the aquifer.
The wells currently (1982) included in the ground-water-monitoring program are given in table 1. Period of waterqua 1 i ty record (water year)
ro ro co co 
The surface-water-monitoring network was started in 1979, superseding an earlier network operated from 1974 to 1979. The earlier network was operated by a cooperative program between the Alameda County Water District, Livermore-Amador Valley Water Management Agency, Zone 7, and U.S. Geological Survey. The program was designed to find the sources of the increasing amounts of dissolved solids in the streams.
Increasing dissolved-solids concentrations were having a deleterious effect on the quality of water in Alameda Creek, which recharges the Niles Cone ground-water basin. Lopp (1981) reported the results of the 1974-79 network program.
With the establishment of a treated wastewater-export pipeline in January 1980, treated wastewater releases to streams ended.
As a result, the surface-water-quality-monitoring network was modified to determine water quality since the pipeline began operation. The network consisted of nine gaging stations, eight of which were equipped with continuous specific conductance moniltors (table 2 and pi. 8).
FIELD AND LABORATORY METHODS
Wai:er samples from all 2.5-inch wells constructed for this program were taken usinci a 2-inch diameter air squeeze developed by the U.S. Geological ey in Menlo Park, Calif.^, in 1975. pump is driven with compressed pump Surv This nitrogen and is capable of pumping at a rate of about 1 gal/min. The pump is designed so that the water never comes in contact with nitrogen gas or air before it is discharged from the sampler hose. Samples from the existing wells and larger constructed wells were taken using a portable, electric submers ble pump or using the pump already installed at the well. Prior to sampling, water was pumped from all wells until stable temperature, specific conductance, and pH readings were Monthly discharge only.
Samples for the following dissolved constituents were collected at all wells:
Ca, Mg, Na, K, HCO 3 , Cl, SO 4 , NO 3 , P, and Fe.
Hardness was calculated from Ca and Mg values. Samples for total organic carbon and chemical oxygen demand were collected at most wells.
Water temperature, specific conductance, pH, and water levels were determined at each well when sampled. Most wells were sampled either monthly or quarterly for NO 2 , NO 3 , Cl, and dissolved-solids residue at 180°C.
Samples for other constituents were usually collected once or twice a year.
Wells in wastewaterdisposal areas were sampled monthly prior to the 1977 water year, and bimonthly after that.
The major ions and residue on evaporation at 180°C were sampled to assess the general quality of the water and to determine areas of similar water types.
Nitrate, chloride, total organic carbon, and chemical oxygen demand were sampled as possible tracers of areas affected by wastewater discharge.
Samples for dissolved constituents were filtered immediately after collection through a 0.45-micrometer membrane filter to remove suspended material.
Cation samples were preserved with nitric acid, chemical oxygen demand samples with sulfuric acid, and nutrient and total organic carbon samples were chilled to 4°C.
The samples were sent for analyses to either the U.S. Brown and others (1970) .
Beginning in 1979, the methods given in Skougstad and others (1979) were used. Total organic carbon samples were analyzed by the method given in Goerlitz and Brown (1972) .
Surface-water samples were taken over a wide range of hydrologic conditions with an emphasis on winter storm sampling. Grab samples were taken at midstream 4 to 12 times a year at the surface-water stations.
Samples were processed and analyzed using the same methods as the ground-water samples. Samples were analyzed for major ions, B, Fe, Mn, and dissolved solids. About three to six times per year samples were collected and analyzed for nutrient species (NO 2 + NO 3 , organic nitrogen, NH 4 , and PO 4 ). In addition, field determinations of pH, specific conductance, and water temperature were made.
WATER LEVELS AND GROUND-WATER MOVEMENT
Ground-water-level contours in the valley in the spring of 1980 are shown on plate 2.
This map was based on a large number of wells, many of which were not in the monitoring network. Ground-water movement is in the general direction of the gravel pits (pi. 2).
The gravel operations pump large quantities of water from the pits to facilitate gravel mining, thus creating a large artificial depression in the valley ground-water system. The gravel pit operators also back fill some of the pits with silt and clay to minimize further recharge and groundwater movement in the area.
The extensive gravel mining has greatly altered the historical groundwater-flow regime. Originally the ground-water gradients were from east to west with outflow from the valley along Arroyo de la Laguna. This outflow of ground water has stopped due to pumping for municipal and agricultural purposes in the Pleasanton area.
The directions of flow were later altered by gravel excavation activities.
In most of the valley, vertical flow is minimal because of the many clay layers that tend to separate parts of the permeable aquifer material (California Department of Water Resources, The clay layers are not continuous, however, and some vertical flow does occur.
In much of the southern parts of the Amador and Mocho II subbasins, the clay layers are less extensive and vertical flow is more apparent from water-quality measurements.
Water levels in the valley have generally increased in most parts of the valley from 1975 to 1982. The hydrograph of well 3S/IE-9CI ( fig. 2) is typical of many wells throughout the valley.
It shows a substantial increase in water level over the period of study.
Some wells (particularly in the Mocho II and Amador subbasin) had water levels that fluctuated somewhat but showed no upward or downward trend over the monitoring period.
An example of this is the hydrograph from 3S/1E-11B1 ( fig. 2) . Of the wells in the network that have been monitored for more than 3 years, only six wells have had a steady decline in water level. These include 3S/1E-1P2 and 3S/1E-2N2, located northwest of the Livermore sewage-treatment plant, and 3S/1E-16H2, located in the western gravel pit area.
Three other wells with declining water levels during the study period are 3S/2E-7N1, 3S/2E-8H2, and 3S/2E-24A1. Much of this variability could be attributed to seasonal wet-dry cycles; however, some of the wells, particularly around the Livermore airport, had water levels that varied but not on a seasonal basis ( fig. 2 hydrograph of 3S/1E-12D2). This is most likely due to on-land wastewater-application practices that are somewhat independent of seasonal cycles.
The five wells around the Veterans Administration Hospital are considered anomalous to the rest of the valley's ground-water system. They are shallow wells| (14 to 25 feet) and, except for 3S/2E--33C1, are primarily affected by the nearby percolation ponds. Well 3S/2E:-33C1 is near Arroyo Valle, but it is so shallow that it is probably not representative of ground-water conditions in that area. , For these reasons, the hospital wells were not used when making the contour maps, but specific reference to these wells is made where appropriate. The range in water levels during the period of record was generally greatest around the gravel pits, the northern part of Pleasanton, and around the Pleasanton wastewater-disposal area. The range in depth to water in these areas was typically greater than 30 feet during the study period.
The depth to water in these deeper wells than in the shallow wells. Much wells ing areas tended to vary more in the of the variability in the deeper is probably due to greater pumpof those wells, or nearby wells, than would occur in the shallow wells constructed for this study.
GROUND-WATER QUALITY
The areal distribution of selected water-quality properties and constituents of ground water are presented on plates 3-7.
The maps were constructed usincj mean values for each well for the period of record.
This approach ignores the possible variability of the data over the period of record, and since the period of record is different at different wells, there is some uncertainty as to the location of the contour lines.
The contours near the margins of the valley also contain some uncertainty because of the lack of data for some areas and are thus represented by clashed lines.
In some areas there was a considerable difference in water quality between deep and shallow wells in the same general area.
In these area$, the mean value for the shallower wells was generally used.
The mean value for wells that were anomalous to the contour area are indicated on the plates.
Three program wells, located in San Ramon Valley, north of San Ramon Village, are not on any of the maps because of restrictions in map size. Reference to these wells are made in appropriate sections.
Specific Conductance
The lowest values of specific conductance were detected in wells along and near Arroyo Valle and Arroyo Mocho (pi. 3).
These are the principal recharge areas for the groundwater basin, and the low specific conductance is indicative of the quality of the recharge water carried by these two streams.
The highest specific conductance occurred in the northwest part of the Amador Valley and the northeast corner of Livermore Valley where it was more than 2,000 ymho in some wells.
The source of this high specific conductance water is probably the marine sediments that border the valley.
In the northeast corner of Livermore Valley, high specific conductance occurred in both shallow wells (3S/2E-1F2) and deep wells (3S/2E-1P2). The high specific conductance in the military reservation area north of Pleasanton was confined to the shallow aquifer.
In this area, there is an extensive water-bearing confining bed consisting of the clay and sandy clay that extends to a depth of about 120 to 140 feet below land surface. Wells completed below the confining bed in the area (3S/1E-7B2 and 3S/1E-5R2) had a specific conductance value of less than 1,000 ymho.
The clay layer probably is not continuous or of constant thickness over this entire area. It seems that the clay layer may be a series of smaller clay lenses that together form an effective confining bed with little hydrologic connection to the lower aquifer.
Smaller areas of high conductivity water, probably associated with these clay layers, were detected in the shallow aquifer to the south (3S/1E-18J2).
Overall there was a general decrease in specific conductance from the military reservation south to Pleasanton primarily due to recharge from Arroyo Mocho and Arroyo Valle. The high specific conductance in wells near and west of the Livermore airport probably is the result of high conductivity recharge water from Arroyo Las Positas.
The three wells in the San Ramon Valley that are not shown on the contour maps had a mean specific conductance of between 950 and 1,080 ymho.
The wells near the Veterans Administration Hospital had mean specific conductance ranging from 726 ymho in 3S/2E-33G1 to 2,420 ymho in 3S/2E-33G3 and therefore, were higher in specific conductance than other wells in their contour area.
Water Types
The water-type map shows areas based on the predominant cation (pi. 4). These cationic water types were based on the percentage of each cation in the sample. For example, a magnesiumtype water is one in which 50 percent or more of the cations (in milliequivalents) are magnesium. When a single cation does not make up at least 50 percent of the total, the water type is designated as a combination of the two cations that contribute the largest percentage of the total.
A large area of sodium water was detected along the north edge of the valley, except in the San Ramon Valley.
The source of this water type is probably recharge from the local streams draining the Tassajara Formation, and underground recharge from these areas.
The large area of magnesium water was generally the area that is recharged by Arroyo Mocho.
Water
in the area along Arroyo Valle was a calcium magnesium or mag-nesium calcium cationic type.
An exception to this is the area around the Veterans Administration Hospital. These wells yielded sodium chloride water that is probably the result of localized geology or percolation from the sewage-treatment ponds, and does not represent water recharged from Arroyo Valle.
The three wells in the San Ramon Valley that are not shown on the map yielded calcium or calcium sodium water.
Water from most of the wells in the study area contained bicarbonate as the predominant anion.
Those wells from which samples had anything other than bicarbonate as the predominant anion are given in table 3.
Most of these wells contain water that was predominant either in chloride or a combination of chloride and bicarbonate, and are located in the areas where sodium is the predominant cation. yg/L and usually less than 500 yg/L) (pi. 7).
Notable exceptions were the northeast part of Livermore Valley where mean boron concentrations were as much as 16,000 yg/L in water from well 2S/2E-27P2, and the area west of the Livermore wastewatertreatment plant.
Wells that yielded boron concentrations greater than 2,000 yg/L are all shallow (the deepest well is 2S/2E-27C2 at 108 feet). Boron in these areas is probably from the marine sediments adjacent to these areas.
The three San Ramon Valley wells not shown on the map had mean boron concentrations ranging from 160 to 216 yg/L.
Water from the Veterans Administration Hospital wells all had mean boron concentrations greater than 1,000 yg/L except in well 3S/2E-33C1, which had 533 yg/L.
Water from the other four wells had mean boron concentrations ranging from 1,800 to 6,350 yg/L.
Total Organic Carbon
Samples were analyzed for total organic carbon (TOC) at least once from all the network wells to trace areas that were high in organic carbon. Such samples might indicate possible areas of organic pollution. Analysis of the data showed TOC values ranging from less than detection (0.5 mg/L) to 23 mg/L. General background concentrations of TOC appeared to be between 2 and 5 mg/L. Water with TOC greater than the background level were detected in various areas throughout the valley, but were not necessarily associated with the wastewater-disposal areas. Further analysis of these data showed that in wells where several TOC analyses were made, the fluctuation in TOC concentrations was much greater than could reasonably be expected considering the reported values of other constituents.
The large fluctuations were probably attributed to sampling and analytical error and not to actual fluctuations in TOC concentrations. Because of the variability of the analyses, it was impossible to draw an accurate map of TOC concentrations in ground water; however, it seems clear that high TOC concentrations are not associated with the wastewater-disposal areas, and cannot be used as a tracer of organic contamination in the valley's aquifers.
Differences in Water Quality Between Shallow and Deep Wells
The sampling network was designed to provide data from deep and shallow wells near each other in various locations in the valley. This should show if there are any chemical differences in ground water of the shallow and deep aquifers, and if those differences are stable over time.
Some of the paired wells used for these comparisons are not close enough together to make ideal comparisons but an attempt was made to provide a deep-shallow comparison in several areas.
Comparisons between data distributions of water-quality properties and constituents were made using the Kruskal-Wallis (Chi-square approximation) test. This nonparametric statistical procedure was necessary because many of the data distributions were not normal.
Normal distribution of data is a condition assumed for most parametric tests.
The KruskalWallis tests were made using the NPAR1WAY procedure in SAS (Helwig and Council, 1979) . Schematic boxplots ( fig. 3) were constructed for several water-quality properties and constituents using the SPLOT procedure from SAS.
These plots are useful in visualizing the data distributions and central tendencies.
All the statistical tests and schematic plots for each well pair were made using data covering the same time period and approximately the same number of samples from each pair of wells.
3S/2E-14A3 (110 feet) and 3S/2E-14B4 (260 feet). These two wells aTelocated near the corner of Grant Street and Las Positas Avenue east of Livermore.
The shallower well had significantly higher specific conductance and concentrations of all the major dissolved constituents except sulfate ( fig. 3) .
Water types were similar for both v^ells.
Mean water levels were not significantly different at the 0.05 level. Well 3S/2E-11J2, about a quarter of a mile north of well 14A3, is also 110 feet deep.
The differences in water chemistry between wells 14A3 and 11J2 were much greater than the differences between wells 14A3 and 14B4. Water in well 11J2 was lower in specific conductance than either of the other two wells and was also lower in all major dissolved constituents sampled.
This indicates that in this part of the valley, differences in water quality are more likely to be caused by the location of the well than by the depth of the well. 3S/2E-29R (36 feet) and 3S/2E-20N1 feetj. These two wells are loĉ ated in the southeastern part of the Amador subbasin near Arroyo Valle. They have very similar water quality in terms of major dissolved constituents except nitrate concentrations, which were significantly different at the OJ05 level ( fig. 3 ). The shallow well had a mean nitrate concentration of 1.0 mg/L, the deeper well had mean nitrate concentration of 9.5 mg/L. Temporal variability of all the major constituents is much greater in the shallov/ well and seems to be linked closely to changes in water quality in necirby Arroyo Valle.
The deeper well has a mean water level about 36 feet lower than in the" shallow well. This indicates a possible perched ground-water area.
3S/1 about E-12G1
(73 feet) and 3S/1E-12F1 (240 feet). These two wells are located within 150 feet of one another, a quarter of a mile southwest of the Livermore wastewater-treatment plant.
The specific conductance and the concentrations of major dissolved constituents in samples from the shallow well were significantly greater than in the deeper well.
Variability of the* data also is generally greater in these wells than others used in the deep-s;hallow comparisons.
The water types of the two wells were similar, but the mean percentage bicarbonate in the deeper well is 68 conlpared to 55 in the shallow well.
The percentage sodium was 26 in the shallow well compared to 19 in the deeper well.
Water levels averaged about 55 feet lower in the deep well, indicating a multiple aquifer system in this area. These wells are adjacent to the wastewaterappliciJtion area near the Livermore wastev/ater-treatment plants. This probably accounts for the high nitrate concentrations and higher percentage of sodium detected in the shallow well.
3S/1 E-5J2 (100 feet) and 3S/1E-5R2 (230 feet). These wells are located about a quarter of a mile south of the Santa Rita Rehabilitation Center and along Tassajara Creek.
Water in the shallow well had a specific conductance nearly twice that of the deeper well.
Concentrations of major dissoh twice Variability in these data is much less than in most of the other deep-shallow /ed constituents also were about as high in the shallower well.
comparison wells.
Variability in water depth was much greater in the deeper well even though the depth to water is much greater. This is most likely due to its location near a major ground-water pumping area.
Fluctuations, seasonal or otherwise, in pumping in this area probably influences ground-water levels in the deeper aquifer.
The water types of these two wells were very similar.
These two wells show that there are apparently two distinct aquifers in this area with similar water types but very different concentrations of dissolved constituents.
3S/1E-6R2 (74 feet) and 3S/1E-7B2 (150 feet). These wells are located east of Hopyard Road and south of Interstate 580.
The differences in water quality between these wells are typical of the differences in this area between the upper aquifer with poor water quality, and the deeper aquifer with better water quality.
In this clay layer area, concentrations of all major dissolved constituents, except nitrate, were much greater in the shallow well. Nitrate was less than 0.2 mg/L in both wells ( fig. 3 ). Water types were very different with the deep well having a sodium (82 percent) bicarbonate type similar to wells north of this area, and the shallow well having a mixed sodium magnesium, sulfate chloride water similar to other wells that were finished in and above the confining clay layer in this area. Water levels in the two wells were nearly identical.
In most of the Bernal, Amador (except the southeastern part along Arroyo Valle), and Mocho subbasins, the shallow wells generally were higher in dissolved constituents than the deeper wells.
In some areas west of Livermore, this is most likely caused by wastewater application to the land surface and to the percolation ponds. In the area northwest of Pleasanton the buildup of salts in the shallow aquifer is probably due to the historical runoff pattern in the valley which caused water to pond in this low spot and evaporate, leaving behind the salt and fine clay that now makes up the thick confining bed.
In the Mocho subbasin where clay layers are less extensive and shallow and deep ground water can mix more readily, the differences in water quality at different depths becomes much less defined. Natural flow ceases in most streams during summer and autumn in all but the wettest years. Hydrographs of mean monthly discharge at the nine surface-water network stations are exhibited on plate 8.
Most of the hydrographs include data from the pre-1980 period before treated sewage water was exported and the 1980-81 water years after this export started.
Close comparisons between hydrographs were hindered by the limited number of years of records available at most of the stations. Because these are small basins, the discharge each year is highly dependent on seasonal rainfall and there is little base flow in most of the streams.
In addition, many artificial situations affect discharge such as the release of approximately 8,000 acre-ft of water from the South Bay aqueduct to Arroyo Mocho and Arroyo Valle for purposes of ground-water recharge, and the discharge of 6,000 to 7,000 acreft/yr ground water in Arroyo Valle from the dewatering operations at the gravel pits. The release of water from Del Valle Reservoir for downstream recharge in Miles Cone, accounted for the increases in flow for the June through August period at Arroyo Valle near Livermore and at Pleasanton and Arroyo de la Laguna.
Although the 1981 water year was a near normal rainfall year, large storms in February caused discharge peaks at all the stations.
However, at these same stations, the March, April, and May mean discharge was at or below the mean for the previous years of record.
SURFACE-WATER QUALITY Specific Conductance
The quality of the surface water, like the flow, is highly dependent on local hydrologic and climatic conditions.
The distributions of specific conductance at surface-water stations over the period of record are shown in figure 4 .
Because specific conductance is an indirect measurement of dissolved solids, this figure relates to dissolved solids as well as specific conductance.
The highest specific conductance occurred at Arroyo Las Positas at Livermore.
This water is mostly natural discharge from a watershed that is composed primarily of marine sediments, which contributes large amounts of dissolved material.
Downstream from this station at Arroyo Las Positas at El Charro Road near Pleasanton, the specific conductance was generally lower and the variability greater indicating some dilutions from other sources.
In Arroyo Mocho, the upstream station (11176000 near Livermore) has generally lower specific conductance than the downstream station (11176200 near Pleasanton).
The downstream Arroyo Valle station (11176600 at Pleasanton) has much lower specific conductance than the upstream station (11176500 near Livermore).
This indicates that much of the flow that reaches the lower station at Pleasanton is not the same water that naturally occurs in the upper part of the basin stored in the Del Valle Reservoir, or the same water released from the South Bay aqueduct.
Water Types
The water types at each station were calculated using data from water years 1980 through 1982 (pi. 9 and table 4).
Water in most of the streams sampled was on average a mixed cation, and mixed anion type.
Exceptions to this were the two Arroyo Las Positas stations (11176180 and 11176145) and Arryo Mocho near Livermore (11176000). Water in Arroyo Las Positas at the two sampling stations was a sodium chloride type.
These two stations also had the highest concentrations of 
SURFACE-WATER STATIONS
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I EXPLANATION SCHEMATIC PLOT (Tukey, 1977) This basin plan set objectives for several water-quality properties and constituents and in many cases set different objectives for municipal and agricultural uses.
In addition to these objectives applicable for all surface and ground water in the San Francisco Bay area, separate and more specific objectives have been set for surface and ground water in the Alameda Creek basin above Miles (including Livermore-Amador Valley). The ground-water objectives are slightly different for two sections of the ground-water basin.
The "central" ground-water basin consists of the Bernal, Amador, Mocho I, and Mocho II subbasins.
These areas have the largest ground-water storage and are mostly used for municipal and domestic water supplies.
The remaining subbasins, designated as "fringe" ground-water basins, have generally poorer, ambient water4 quality and are less important for most uses than the central basin.
All water-quality objectives applicable to the study area, and for which data were obtained, are given in table 5 along with the number of wells that have mean concentrations that exceeded the objectives, and the surface-water stations that have had some samples that The exceeded water-quality objectives, individual wells that have mean values of properties and constituents greater than the objectives are given in table 6.
Because the sampling network wells are more numerous in areas of known or potential water-quality problems, there were probably a higher proportion of wells that exceeded objectives than would be detected if all the wells in the valley were sampled.
In addition, most of the wells that exceeded objectives were shallow wells not used for publi^: water supply.
The existing large water-quality objectives. 
These two wells are in an unsewered area where septic tank leakage could cause nitrate in the ground water.
The occurrence of high dissolved solids in ground water is most likely a natural phenomenon in the shallow aquifers in most of the valley that is away from Arroyo Mocho and Arroyo Valle.
In addition, the wastedisposal practices at Livermore and Pleasanton probably have increased the dissolved solids and nitrate but the extent of these increases is not known. An example of an increase in dissolved solids is shown by comparing dissolvedsolids concentrations at well 3S/2E-7C1, located just upgradient from the Livermore sewage-treatment plant, with wells downgradient.
Water from well 3S/2E-7C1 was below the dissolvedsolids and nitrate objectives, whereas, most of the water from wells downgradient from the sewage-treatment plant exceeded the objectives.
In several areas in the valley, dissolved iron and manganese were detectedin concentrations exceeding the recommended concentrations for public drinking water supplies (U.S. Environmental Protection Agency, 1977). The recommended maximum of 300 yg/L for iron and 50 yg/L for manganese is based on taste preference.
Forty-six wells had mean manganese concentrations greater than 50 yg/L and five wells had mean iron concentrations greater than 300 yg/L (table 6). All the wells with high iron concentrations, except one (2S/2E-27C2), are located in the western edge of the valley.
The highest mean concentration of iron (2,900 yg/L) was detected in well 3S/1E-30A9.
Wells with high manganese concentrations (greater than 50 yg/L) were detected generally in the Dublin, Bernal, and Camp subbasins.
The highest concentrations in these areas were generally associated with the clay layer north of Pleasanton.
Some violations of at least one of the water-quality objectives occurred at all of the surface-water stations. These boron concentrations are naturally occurring.
Manganese concentrations in excess of the objective were common at most of the stations during low flow periods. Theste occurrences, like that of boron, are the result of upstream geology in the Dasin.
The chloride objective was exceeded frequently at the Arroyo Las Positas stations because of the naturally occurring sodium chloride water in the stream.
The 27 samples taken from Alamo Canal that exceeded the chloride objective were detected prior to February 1978.
Most of these samples were taken during the 1976*77 drought when streamflow was generally less than normal in most streeims.
The chloride objective has not too mean been exceeded in an Alamo Canal sample since the export of treated effluent began in 1980.
Sampling was infrequent to evaluate the 90-day and 90-day, 90th-percentile chloride objective. 1 Well located in fringe subbasin.
CHANGES IN THE EXISTING MONITORING NETWORK
Analysis of data for the present well network shows that variability of most water-quality constituents is high, and that many wells have seasonal or other periodic patterns to the variations found. Because of this variability, continued sampling is desirable for all wells that have less than 5 years of data on a quarterly basis until 5 years of data have been collected.
Other wells could be sampled twice a year to establish long-term trends.
In addition to the twice-yearly sampling at most wells, a network of key wells; at various locations and depths is proposed. These key wells would be sampled every 2 months and would be concentrated near areas of known ground-water contamination and major recharge areas. Sampling at these wells would monitor short-term variability in water quality.
A list of suggested key wells is presented in table 7. Type wel A complete analysis of major cations and anions, plus boron, silica, and manganese, would be collected once a year at all network wells.
Key wells would have complete analyses taken every other bimonthly sample.
Field measurements for pH, specific conductance, temperature, alkalinity, dissolved oxygen, and water level, and a nitrate and chloride sample would be taken at each well during each sampling.
Dissolved oxygen would be measured on a reconnaissance basis the first year to determine if it can be a useful indicator of the presence of organic substances in ground water. Recent studies (Winograd and Robertson, 1982) have indicated that the presence of dissolved oxygen in significant concentrations in ground water may be much more common than widely believed.
The shallow, mostly unconfined aquifers in the Livermore Valley should have significant concentrations of oxygen, except in areas where soil and aquifer bacteria use organic material to consume the dissolved oxygen carried in the ground water by recharge.
Based on analysis of existing data, there is a consistent and reliable dissolved-solids to specific-conductance ratio in the network wells. This makes it possible to delete the dissolved-solids determination from the sampling schedules for all wells that have at least 5 years of data. Dissolved solids could be calculated routinely by use of the specific conductance and the dissolved-solids to specificconductance ratio already established for that well.
If a change in water type was detected at any one well, the ratio of dissolved solids to specific conductance would have to be verified by further sampling.
The determination of organic carbon content of the ground water is potentially useful means of determining areas of water-quality degradation. This study has shown that the use of TOC is unreliable because of sampling, analytical problems, and the uncertainty of what changes occur to the sample from the time of collection to analysis.
A better method of sampling organic carbon is to analyze dissolved organic carbon (DOC).
Since ground water is low in suspended material, the DOC determination would closely approximate actual TOC concentrations. In addition, the method used for filtering DOC samples (silver membrane filters) provides better sample preservation and assures minimal change in organic carbon content between the time of collection and analysis. A DOC sample collected twice at each key well during the next year could determine the reliability of this analysis.
Some changes in the surface-water monitoring network would be desirable in the future.
Water-quality and discharge records at the two Arroyo Las Positas stations were very similar, indicating little recharge or inflow to the stream in this reach.
Therefore, the station Arroyo Las Positas at Livermore (11176145), could be deleted with no effect on the monitoring network.
Sampling of water-quality properties and constituents would continue as in the past with a frequency of no less than four times a year at each station.
These samples would be taken at a variety of discharges.
